Purpose: We ascertained and reviewed acute health events occurring in 2003 among patients age 18 and greater with well-defined single gene, chromosomal, and selected multifactorial conditions within the Marshfield Epidemiologic Study Area. Methods: Of 47,077 adult Marshfield Epidemiologic Study Area Central cohort members, 1831 (3.9%) had been given at least one of 71 ICD-9 codes appropriate for genetic diagnoses of interest. Physician review narrowed this to 591 (1.3%) validated patients for the study. Of the 591, 527 (89.2%) patients registered 6,849 visits, which were manually reviewed to delineate acute, relevant health events in the urgent care and primary care provider setting. Results: A total of 244 acute relevant health events among 126 patients corresponding to 58 different genetic conditions were observed. Acute relevant health events corresponded to 3.4% of the total health events in patients identified with genetic problems. Categories of genetic conditions with the highest frequencies of acute relevant health events included chromosomal and microdeletion syndromes (21.3%), hematologic disorders (11.5%), muscular dystrophies (8.6%), and connective tissue disorders (10.2%). Conclusions: These data have multiple applications and implications in addressing the natural history, long-term medical needs and financial impact of adult patients with genetic conditions. Genet Med 2006:8(8):474-490.
Patients with genetic conditions constitute an important portion of the world population with special health care needs.
Estimates indicate an incidence of 3.8 per 1,000 for chromosomal disorders, 20 per 1,000 for single gene disorders, and 646.4 per 1,000 for multifactorial disorders. 1 Previous studies during the past three decades have quantified the frequency of genetic disorders among patients especially children, admitted to the hospital. [2] [3] [4] [5] [6] [7] [8] [9] In general patients with genetic problems have more admissions, longer hospital stays, and increased morbidity and mortality. [1] [2] [3] 9 These studies have not addressed specific reasons relating to a given diagnosis which led to hospital admission.
A patient with an underlying genetic disorder may present to an urgent care setting or health provider's office with onset of acute symptoms that require immediate attention and/or further evaluation. A prior study 10 described pediatric patients with known genetic conditions presenting to an emergency department (ED) in a municipal hospital. That study reviewed paper records obtained from ED visits and relied on reporting of genetic diagnoses in the ED encounter form filled out by the ED physician. There was no linkage of the ED encounter with the patient's hospital chart which would be important in the inclusion of/or verifying the genetic diagnosis. To date, the burden of genetic disorders among adults in ambulatory settings remains poorly characterized.
The study described in this report delineates acute health events identified in the ED, urgent care, and primary care setting among a cohort of 527 adult patients with single gene, chromosomal, and syndromic conditions within a geographically defined, population-based cohort. A goal of the study was to initiate a means of collecting data about the ongoing health effects of genetic diseases among adults in a general population. It was expected that such information could provide insight into the natural history of adult genetic conditions and improve transitional care for genetic diseases. It could be used to help foster physician, patient, and family education.
METHODS
This study was conducted in the Marshfield Epidemiologic Study Area (MESA), 11 a resource for population-based surveillance and research within the context of an integrated health care delivery system. Covering a region where nearly all residents receive their care from the Marshfield Clinic and affiliated hospitals, MESA has been particularly useful for quantifying the occurrence of illness and studying the full clinical spectrum of disease in a general population. 12 MESA is divided into two main subareas, MESA Central which contains about 54,000 people in 14 ZIP codes surrounding the Clinic's main campus in the city of Marshfield, and MESA North which contains about 23,000 people in 10 ZIP codes surrounding several of the Clinic's regional centers in northern Wisconsin. The main campus of the Clinic is adjacent to St. Joseph's Hospital in Marshfield, the only major rural referral medical center in Wisconsin. Marshfield Clinic physicians staff the hospital and the two institutions share a common electronic medical record system. MESA Central was selected for this project because of the greater utilization of emergent care at the main campus in Marshfield by MESA Central residents.
Individual residency status and follow-up time have been tracked for the cohort since 1991. Research is initiated through linking MESA residency data with the Marshfield Clinic's extensive archive of medical information, which includes a full electronic medical record dating back to the early 1990s and a file of more than 100 million patient diagnoses dating back to 1960. Mobility in the MESA region is quite low, resulting in greater capture of a patient's full medical history in the Clinic's medical records. Only about 3% per year of the original 1991 cohort is lost to out-migration.
The high population and health event coverage in MESA are validated periodically through random sample surveys and comparisons with state and national data sources. The most recent validation indicates that Marshfield Clinic data systems capture more than 97% of the residents, 99% of the deaths, 95% of hospital discharges, and 90% of outpatient visits in MESA Central. 12 Institutional Review Board approval for the study was obtained. Identifiable data from the electronic study files were removed after the data were collected. Data collection for this study occurred in two stages, which is outlined in Figure 1 . First, adults currently residing in the MESA Central region were screened for past evidence of selected underlying genetic conditions using ICD-9 diagnostic codes, and the medical records of those potentially affected were reviewed in order to validate and properly classify their underlying conditions. Second, the cohort of adults with confirmed genetic conditions were followed historically over the course of calendar year 2003, and all ED, urgent care, and primary care visits were catalogued for further review by clinical geneticists (PFG, EM, SFW) to identify and classify acute, relevant health events.
For the first stage of data collection, potential underlying genetic diagnoses under consideration were classified based on Hall's study 5 as follows: Group A) multifactorial conditions (i.e., hypercholesterolemia), Group B) conditions that are suggestive of an underlying genetic diagnosis but not proven (i.e., hearing loss), and Group C) well-defined single gene, chromosomal or multifactorial conditions (e.g., cystic fibrosis, Down syndrome, spina bifida).
We chose to focus primarily on group C conditions in order to delineate acute health events occurring among patients with well-defined, single gene, chromosomal or selected multifactorial conditions such as spina bifida and Hirschsprung disease. We suspected that these conditions could have long-term sequelae, which could be associated with acute health events in adulthood. Following an in-depth review of the ICD-9 coding manual and consultation with the Clinic's health information management coders, a broad array of 71 ICD-9 diagnostic code groupings was selected to enhance our capture of adults who may have clinically recognized genetic conditions of interest. These ICD9 codes included more generalized conditions, such as "conduction disorders-426" and "hereditary and degenerative diseases of the central nervous system-330-337," as well as specific genetic conditions, such as "polycystic kidney disease-753" and "cystic fibrosis-277."
The Clinic's data warehouse archive was queried to identify any instances of the 71 selected diagnostic codes being given since 1979 to the 47,077 adult members of the MESA Central cohort as of January 1, 2003 . Validation review of the corresponding medical charts applied established clinical criteria to determine whether patients classified in a particular diagnostic category likely had the conditions of interest. The majority of the charts were reviewed by clinical geneticists (PFG, EM, SFW), although charts for a small number of conditions (disorders of iron, magnesium, phosphorous, and calcium metabolism, and hemoglobinopathies, not elsewhere classified) were prescreened by trained medical abstractors to first determine whether an identified Mendelian disease may be present (e.g., hemochromatosis, Hallervorden-Spatz, Aceruloplasminemia and Friedreich ataxia). Review of the paper chart was necessary for approximately 37.5% of the diagnoses when validation of a patient's possible genetic diagnosis was not possible with the electronic record. In some instances review of X-rays was performed in order to clarify the diagnosis of a skeletal dysplasia. 
Health events in patients with genetic disorders
Ten percent of the records were randomly selected for independent review by a separate geneticist co-investigator in order to ensure the accuracy of the final genetic diagnoses. The geneticists met periodically to collectively review the genetic diagnoses that were assigned and adjudicate ambiguous cases. A corresponding Online Mendelian Inheritance in Man (OMIM) code was assigned to each genetic diagnosis, when applicable, in order to facilitate database management. Diagnosis validity and final classifications were recorded by the reviewers on paper abstraction forms and entered into an electronic database by trained staff using standard double data entry procedures to reduce entry errors.
In the second stage of data collection, the patients with confirmed genetic conditions identified in stage 1 were assessed for presence of ED, urgent care, or primary care visits during calendar year 2003. Those with visits in 2003 underwent medical record review to: 1) establish the specific diagnoses given in the encounter, 2) determine whether each diagnosis was pathogenically relevant to the underlying genetic condition, and 3) assess whether the event was acute or not. Relevance was ascertained by means of verification of associated complications in standard clinical genetics reference books and Internet resources (e.g., "Smith's Recognizable Patterns of Human Malformation," 13 "Emery and Rimoin's Principles and Practice of Medical Genetics," 1 "The Metabolic and Molecular Basis of Inherited Disease," 14 Online Mendelian Inheritance in Man (OMIM), 15 Gene Clinics 16 ) and literature review. Acute events were defined as those which required urgent scheduling of a diagnostic evaluation, immediate pharmacologic, antibiotic, or surgical intervention, or hospitalization for treatment. Acute health events were those that stood apart from routine care or monitoring that would occur during a general practice visit. The health visits associated with each underlying genetic diagnosis category were assigned to one of three clinical geneticists (PFG, EM, SFW). In addition to acuity and relevance, abstraction forms captured information on whether the health event required hospitalization. Also, the reviewing geneticist assigned relevant events to the appropriate organ system affected. Attempts were made to classify the organ system involved based on the known pathogenesis of a given condition. For example, one patient with achondroplasia and clinical symptoms of a progressive myelopathy, including paresthesias and loss of voiding sensation, was ultimately admitted for a C7-T1 discectomy and fusion for a herniated disc. Since the pathologic etiology for this patient's acute and relevant problem was in the spinal column, the acute and relevant events were classified under the "musculoskeletal" heading. Another patient with Down syndrome and Eisenmenger syndrome was diagnosed as having secondary polycythemia. This was included under the cardiovascular system, since the polycythemia was secondary to her underlying congenital heart disease. Meetings between the clinical geneticists were held regularly to review health events and discuss classification of acuity, relevance, and organ system classification.
The health event review data were then appended to the study data file using double data entry procedures. Analysis of the resulting data were descriptive, with summary tabulation and careful consideration of result implications.
RESULTS
We identified that 1831 (3.9%) of the 47,077 MESA Central adults had been given at least one ICD-9 code since 1979 within the 71 selected code ranges appropriate for the genetic diagnoses of interest. Validation review narrowed this to 591 patients (1.3%) with confirmed genetic conditions for further study (Fig. 1) . Of those, 64 (10.8%) registered no outpatient health events in 2003 resulting in 527, corresponding to 1.2% of the total adult patients in MESA. Among the remaining 527, 7139 visits were distributed between ED, urgent care, and other primary care departments (mean of 13.0 visits per patient; median number of 9 visits per patient). This was 1.8% of the total outpatient visits in 2003 among the adult MESA Central cohort. These visits resulted in 19,288 diagnosis records (mean 2.8 diagnoses per patient per visit) and 1,702 unique conditions diagnosed. Table 1 displays the selected genetic diagnoses and corresponding OMIM codes within categories generally defined by the affected organ system. For each underlying diagnosis, the number of affected patients within the cohort, the number of health events occurring in 2003, and the number and proportion of those events determined to be acute and relevant to their underlying diagnosis are shown. Sixteen patients had more than one underlying genetic diagnosis, and so are represented in the table more than once. A total of 244 acute relevant health events occurred among 126 patients, corresponding to 58 different genetic conditions. Of the acute relevant events, 190 (77.9%) occurred in the urgent care/ED setting and 54 (22.1%) occurred in the primary care or specialty provider's office. Acute relevant health events accounted for 3.6% of the total health events among patients identified with genetic problems. Overall, nearly 1 in 4 patients in the cohort who had an outpatient visit in 2003 (126/543) presented with at least one acute health event that was relevant to their underlying genetic diagnosis.
Within the studied cohort, chromosomal and microdeletion syndromes accounted for about 11% of the underlying genetic conditions and a similar proportion (9%) of the total outpatient visits in 2003, but comprised the greatest percentage (21.3%) of the acute and relevant health events. This group was largely represented by patients with Down syndrome and sex chromosome abnormalities. A very high proportion (43.1%) of patients with chromosome abnormalities had at least one acute relevant event during the year, suggesting that patients within this category were at a relatively high risk for an acute health event. Other genetic disease categories observed to have a high risk of acute, relevant health events were immunologic conditions (65%), well-known non-chromosomal conditions, including Klippel-Trenaunay-Weber syndrome (44%), muscular dystrophy (42%), and genodermatoses (35%). Hematologic disorders made up the largest group of patients in the study cohort (21.7%), mostly represented by Factor V Leiden and von Willebrand disease, and contributed a similar proportion of total outpatient visits (24.4%). They also accounted for a sizable proportion of total acute relevant events (11.5%), and In addition to chromosomal and hematologic disorders, other categories of genetic conditions contributing substantial proportions of acute relevant health events included connective tissue disorders (10.2% of total) and muscular dystrophies (8.6% of total). On the other hand, other genetic conditions contributed only modestly to the burden of acute relevant health events. For example, the 66 patients with genetic conditions affecting the eyes accounted for only 3.3% of the total acute relevant events, and their individual risk of such an event was only 4.5% (calculated by dividing 3 [total patients with 1 or more acute/relevant event] by 66 [total number of patients]). Table 2 describes the nature of the acute relevant health events identified among the 527 unique patients with underlying genetic conditions. The organ system that was responsible for the presenting problem and the specific diagnosis corresponding to the acute visit are indicated. Fifty-three hospital admissions were required for management of some of these acute relevant events (21.7% of total acute relevant events), and these are summarized in Table 3 . Health events related to Down syndrome, followed by adult polycystic kidney disease, sickle cell anemia, and myotonic dystrophy (types 1 and 2) in descending order respectively, accounted for the greatest frequencies of relevant hospital admissions.
The large majority (34/52 total events ϭ 65%) of the acute relevant events among patients with underlying chromosomal abnormalities occurred in patients with Down syndrome. Nearly 50% of the acute relevant events and 3 of 8 hospital admissions among patients with Down syndrome were attributed to immune system dysfunction. Down syndrome accounted for the greatest number of acute relevant events observed in association with immune system defects in all genetic conditions identified. Three osteoporosis-related events, including pathologic fracture and foot pain, were identified in our chart review. A soft-tissue hema- (2) Venous insufficiency --
Immunologic disorders
Immunoglobulin A deficiency susceptibility 1
Mental retardation (no recognizable syndrome)
Multiple congenital anomalies, Mental retardation
Metabolic disorders
Hypercholesterolemia, familial - - - - - - Porphyria cutanea tarda - - Rash - - - Cystinuria - - - - - - Homocystinuria - - - - - - Diabetes-deafness syndrome, maternally transmitted - - - - - -
Muscular dystrophy
Muscular dystrophy, Limb-Girdle, type 1A Total events Abdominal pain, Nausea and vomiting
Rectal bleed, Gastroparesis 
Pulmonary conditions
Protease inhibitor 1 -
Renal conditions
Alport syndrome, autosomal dominant ------Adult polycystic kidney disease -Congestive heart failure Skin ulcer --- --Knee pain  --3   22  32  16  39  43  18  23  244 CNS, central nervous system; CV, cardiovascular; Derm, dermatology; Endo, endocrinology; ENT, ear, nose, throat; ESRD, end stage renal disease; GE, gastroesophageal; GERD, gastroesophageal reflux disease; GI, gastrointestinal; GU, genitourinary; Heme, hematology; Imm, immunology; MS, musculoskeletal; Psycho, psychology; Resp, respiratory; SOB, shortness of breath; URI, upper respiratory infection; UTI, urinary tract infection.
Skeletal dysplasia/skeletal conditions
Achondroplasia - - - - - - Fibrodysplasia ossificans progressiva - - - - - - Metachondromatosis - - - - - -
Well-known non-chromosomal conditions
toma occurred in one patient with Down syndrome who was on anticoagulant therapy following heart surgery. One patient with Klinefelter syndrome had two episodes of cellulitis secondary to stasis dermatitis. Five patients with von Willebrand disease required vasopressin (DDAVP) prior to surgical procedures. A gastrointestinal bleed was observed in one patient with adult polycystic kidney disease and Crohn disease.
Chromosome disorders were associated with 10 of 18 acute relevant psychiatric health events observed in the 2003 calendar year. Six of these relevant psychiatric events occurred in patients with Klinefelter syndrome and the most serious event, a suicide attempt that required hospital admission, was reported in a patient with velocardiofacial syndrome.
Twenty-three of 43 acute relevant events involving the musculoskeletal system were related to underlying connective tissue disorders 14 and muscular dystrophies. 9 There were eight events associated with Ehlers Danlos syndrome type III, followed by myotonic dystrophy types I and II with five musculoskeletal events.
Fourteen of 23 acute relevant events involving the respiratory system were related to muscular dystrophies and neurologic conditions. Myotonic dystrophy types I and II accounted for nine acute relevant respiratory events.
Acute relevant events associated with underlying hematologic genetic disorders involved primarily the hematologic, genitourinary, and central nervous system. The greatest proportion of acute relevant events (10 of 28) were associated with Factor V Leiden deficiency.
DISCUSSION
Through a two-tiered screening approach utilizing computer based diagnostic coding and manual medical record review, we identified a cohort of 591 adult patients with welldefined single gene, chromosomal, and selected multifactorial conditions compromising just over 1% of a geographicallydefined rural population in central Wisconsin. We also manually reviewed a total of 7,139 outpatient visits among the 527 patients with health visits during calendar year 2003 in order to delineate acute health events which were of relevance to each patient's particular disease. We discovered that chromosomal and microdeletion syndromes (21.3%), hematologic disorders (11.5%), connective tissue disorders (10.2%), and muscular dystrophies (8.6%) together accounted for more than half of the acute relevant health events occurring among adults in this study cohort. We also learned that immunologic conditions, chromosomal disorders, muscular dystrophy, genodermatoses, and several well-known non-chromosomal disorders conveyed a fairly high risk (35-65%) of presenting with an acute relevant event in the course of a calendar year. To our knowledge, this represents the first study of acute health events in a large population-based cohort of adult patients with a broad array of genetic diseases. Our purpose was to identify patients with underlying genetic conditions who are vulnerable to acute health problems so as to provide information for patients, families, and health care providers about the natural history of genetic conditions, and which can support development of appropriate prevention strategies. A substantial proportion (22.1%) of acute and relevant health events occurred at a visit in the primary care provider or subspecialist's office practice as opposed to an urgent care setting, highlighting a justification for continued educational efforts and awareness among both primary and subspecialty care providers of the natural history of adult genetic conditions and their associated morbidities. This study reports on acute health events in patients with known genetic disease. However, these same events could also represent the initial presenting symptoms for patients with undiagnosed genetic conditions. There are currently relatively few genetic conditions in which clinical outcomes are known in adulthood, making it difficult to provide health monitoring and treatment.
These data have relevance for the clinical geneticist who often serves as an important liaison between the patient and adult primary care provider. Providing the patient and family with a health management plan and insight into different health events which are associated with a given genetic condition may help reduce morbidity and mortality and promote earlier recognition of acute complications of a given condition and/or facilitate diagnosis if a relevant acute event occurs in a previously undiagnosed patient. Although a family with a newly diagnosed child with Down syndrome may see a geneticist to discuss associated medical issues, some adult patients with Down syndrome may not be seen by a clinical geneticist after this initial visit. There is little opportunity for the geneticist to provide education to the family about the adult complications of Down syndrome, some of which are highlighted in Table 2 . The clinical geneticist can help to facilitate this process through periodic follow-up in adult patients with selected genetic diagnoses and providing the family and primary care provider a letter summarizing recommended health maintenance guidelines.
Psychiatric problems occurred in a variety of chromosomal disorders, and were particularly more frequent in Klinefelter syndrome as compared to Down syndrome. Previous literature gives little evidence of acute psychiatric events in Klinefelter syndrome although psychosocial adjustment problems among males with Klinefelter syndrome appear to be increased. 17 An evaluation of 12 boys with prenatally diagnosed Klinefelter syndrome indicated significant delays in expressive language (91.7%) and emotional disturbances in 50% including withdrawal, depression, anxiety, social problems, delinquency, and aggressive behavior. 18 Reporting of psychiatric illness in adults with Klinefelter syndrome has been limited. Periodic behavior assessment and monitoring may help to avoid serious psychiatric events. Another surprisingly significant problem was narcotic dependence among patients with adult polycystic kidney disease. This is another area in which prevention strategies and intervention could be of benefit. We have not been able to find any reported studies that address this health issue.
As children with genetic conditions enter adulthood, adequate health coverage is an important issue that needs to be addressed. Longevity has improved for many genetic conditions including Down syndrome, cystic fibrosis, and Marfan syndrome, and practitioners are facing health concerns of adult patients with these, as well as other genetic conditions. Improvement in our ability to track and define health outcomes in patients with genetic conditions is important in order to enable the medical community to learn what health problems pose a significant risk for a patient with a specific genetic condition. For example, immune defects have been reported in patients with Down syndrome. 19, 20 Recent evidence indicates that children with Down syndrome have a 30% increased risk of fatality due to sepsis as compared to patients without Down syndrome. 20 Further epidemiologic studies for adults with Down syndrome are needed to more completely characterize sepsis fatality risks in adult Down syndrome patients. Osteoporosis has previously been identified to be a health problem in adults with Down syndrome. 21 As survival of Down syndrome patients increases, pathologic fractures may become an important and potentially preventable cause of morbidity.
The relevance of two acute relevant health events reported for adult polycystic kidney disease patients in Table 2 requires clarification. Crohn disease was previously reported in a patient who underwent renal transplantation for adult polycystic kidney disease although the mechanism of association is not entirely clear. 22 Pneumothorax and cystic lungs have also been previously reported in adult polycystic kidney disease. [23] [24] [25] It is noteworthy that greater than half of the acute relevant musculoskeletal events were due to connective tissue protein abnormalities and neuromuscular abnormalities. These conditions can render an affected individual more susceptible to loss of balance, sprains, and falls.
As applications of the Human Genome Project provide more information about the genetic etiologies of disease, genetic markers will be defined for an increasing number of clinical conditions. Through the use of comparative genomic hybridization, new microduplication and microdeletion syndromes are being defined. Our long-term knowledge of these conditions is far more limited than many of the clinical conditions that we view as common, such as Turner syndrome. Additional efforts are necessary to track these conditions and obtain information about associated health risks.
Although this study was population-based and followed the acute health events of a cohort of patients with well-defined genetic conditions over one year, there are several limitations. Our study was limited to follow-up of individuals with selected genetic conditions who reside in the MESA population. Many genetic conditions were not studied because they were not discovered within the underlying MESA population. For some conditions, the ICD-9 codes selected as a screening tool may not capture all patients with those conditions. Also, we did not follow individuals with commonly occurring multifactorial conditions, such as hypertension, asthma, or diabetes. Had we used a broader array of genetic conditions, our sample size would have been much larger. Since we performed follow-up for one year, the number of health events was limited and not all inclusive of the various possibilities for acute health events associated with a particular syndrome. It is possible that acute relevant health events that did not occur within the Marshfield Clinic system were not identified, although previous validation studies suggest such events are quite uncommon. Assessment of relevance was difficult for some events and was based on the known pathophysiology of the genetic condition. We may have excluded some events that were causally related but unsupported by current knowledge. Since the group of subjects with any given diagnosis was reviewed by the same geneticist, any unusual pattern would have been recognized, even if it was not a previously recognized complication. Our study only focused on acute health events with a given genetic condition. We did not include relevant non-acute health events for a particular genetic condition. We anticipate that future studies can expand on our initial study and complement our findings, and address the limitations that we have identified.
For instance, additional studies could focus more closely on health outcomes in a specific issue such as psychiatric illness in adults with Klinefelter syndrome, opioid dependency in adult polycystic kidney disease, or related connective tissue problems in adult polycystic kidney disease. These efforts can include establishment of a national database that would include multicenter pooling of health event data for genetic diseases. A recent study 26 surveying family practice physicians regarding genetic issues encountered in practice indicated that 35% of those physicians surveyed addressed conditions with abnormal numbers of chromosomes. Twenty-eight percent of those physicians surveyed addressed conditions with congenital abnormalities, 27% of those physicians surveyed addressed conditions with mental retardation, 25% of those physicians surveyed addressed conditions with neurofibromatosis, 16% of those physicians surveyed addressed conditions with Marfan syndrome, and 12% of those physicians surveyed addressed conditions with phenylketonuria and metabolic disorders. These data support the view that the range of genetic problems encountered in adult practice is significant and information regarding adult complications of genetic disease could be beneficial for optimal case management.
In summary we have utilized a population-based cohort to identify acute health events in a cohort of adult patients with genetic disease. Ongoing educational efforts for primary care providers are necessary in order to optimize diagnosis and care for patients with genetic disorders. More widespread efforts are needed in order to help obtain long-term follow-up data on adults with genetic conditions in order to help obtain natural history data, guide preventative health care strategies, and address the economic impact on adult patients with genetic diseases. These efforts have the potential to improve transitioning for adult diseases from adolescence to adulthood.
